7. Concentrations of dissolved nitrite plus nitrate nitrogen, ammonium nitrogen, potassium, and chloride in water from each sample source 12 8. Concentrations of dissolved nitrite plus nitrate nitrogen and phosphorus concentrations in water from each hydrogeologic unit 16 9. Concentrations of dissolved nitrite plus nitrate nitrogen, chloride, and potassium in ground water beneath various dairy farm land uses 18 To ascertain the relation between land uses and ground-water quality on the nine dairy farms, the groundwater-quality data set was also divided according to the following land uses: intensive areas (defoliated, high traffic areas), intensive pastures (pastures with herd densities greater than 4 head per acre), wastewater lagoons (from monitoring wells located immediately adjacent to lagoons), wastewater spray fields, and low density pastures. Shallow ground water from monitoring wells placed in or adjacent to areas with concentrated animal waste loading (wastewater lagoons, intensive areas, and intensive pastures) had high median concentrations of dissolved nitrite plus nitrate nitrogen (11.0, 26.5, and 11.5 mg/L), dissolved chloride
INTRODUCTION
During the past 20 years, a large number of dairy farms have commenced operation in north Florida. Currently, 81 dairy farms operate in the area with approximately 37,000 dairy cows. Where dairy cows are kept in high-density feedlots, ground water and surface water commonly contain large quantities of nitrate, ammonia, and soluble organic nitrogen species that are susceptible to nitrification to nitrate (Bashkin and Kudeyarov, 1983) . Nitrate nitrogen enrichment of ground water was studied because high nitrate nitrogen concentrations in drinking water, formula, and breast milk may cause methemoglobinemia in infants (Vigil and others, 1965) , stress the cardiovascular system with extreme artery dilation (Vrba, 1981) , may increase carcinogenesis, particularly stomach cancers and leukemia (National Research Council, 1978; Strange and Krupicka, 1984; Stewart, 1990) ; and may cause birth defects (Scragg and others, 1982) .
The Upper Floridan aquifer of the Floridan aquifer system is the principal source of potable water in the study area. Where unconfined, it is vulnerable to contamination from wastes applied to the land surface because of high recharge rates through thin, permeable surficial sands and breaches in clays overlying the aquifer. In addition to affecting the quality of ground water, wastes from dairy farms can potentially degrade the quality of nearby surface-water bodies through the runoff of nutrient-rich water that could cause eutrophication and threaten biotic communities in rivers.
The U.S. Geological Survey, in cooperation with the Florida Department of Environmental Regulation, conducted this reconnaissance study of ground-water quality at nine dairy farms in north Florida to provide the Department with more detailed information on the effects of dairy farms on ground-water quality in north Florida.
Purpose and Scope
The purpose of this study is to characterize the quality of wastewater lagoons, and ground water from monitoring and supply wells at nine dairy farms in north Florida and to examine factors affecting the quality of ground water at the dair> farms. This report presents and evaluates water-quality data obtained from 1 year of quarterly sampling of 34 monitoring wells drilled for the study, 6 dairy farm supply wells, 2 ephemeral ponds, and 3 wastewater lagoons located on nine dairy farms in north Florida.
Changes in constituent concentrations of waste leachate as it flows from the land surface into the saturated zone were examined by stratifying the water-quality data into three groups (wastewater lagoons, shallow ground water from monitoring wells, and deeper ground water from supply wells). The effect of hydrogeologic settings on ground-water quality at the nine dairy farms was studied by stratifying the shallow ground-water quality data from the monitoring wells, based on the source of the water in those wells: an unnamed surficial aquifer, the Upper Floridan aquifer, and an intermediate confining unit. The effects of dairy farm land uses on shallow ground-water quality at the dairy farms was examined by stratifying the water-quality data from monitoring wells on the dairy farms into five groups, based on the nearest land use to the well. These five land-use groups include: intensive areas, intensive pastures, wastewater lagoons, wastewater spray fields, and low density pastures. Basic statistics of water-quality data from these three data groupings are compared and contrasted in this report.
Physical Setting
The study area lies in the northern zone of the Florida Peninsula, which is characterized by a broad, karstic upland that extends from the northern Florida Peninsula westward to the Florida Panhandle. The nine dairy farms monitored for this study are located in Lafayette, Suwannee, Alachua, and Bradford counties ( fig. 1 and app. I) .
The climate in the study area is warm and temperate with air temperatures averaging 82 °F in June, July, and August and 57 °F in January. Rainfall averages 52 in/yr but varies widely with time and location. Average annual lake evaporation in the area is about 46 in. (Crane, 1986) .
The general soil associations in the study area and a brief description of soil association characteristics are shown in figure 2. Five of the nine dairy farms (sites 4, 6, 7, 8, and 9) are underlain by well-to moderately well-drained sandy soils, with low organic matter content. These soil characteristics allow rapid infiltration of aerated water to the saturated zone. Where soils are clayey or underlain by clays, percolation rates to the saturated zone are probably lower, and surface runoff comprises a greater part of intercepted rainfall.
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NITROGEN FROM DAIRY FARMS
Because one of the principal environmental effects of the concentrated deposition of dairy cow wastes is the elevation of nitrate nitrogen concentrations in ground water, it is useful to examine both the nitrogen cycle and typical livestock waste-management practices on dairy farms in North Florida.
The Nitrogen Cycle
Nitrate (NO^) in water is produced through a series of processes comprising the nitrogen cycle, shown schematically in figure 3. Nitrogen in wastes from dairy cows occurs in two principal forms, ammonia and organically bound nitrogen. As dairy cows deposit wastes to the land surface, some of the nitrogen in those wastes is volatilized as ammonia gas (NH3) which is emitted to the atmosphere and returned to the land surface in low concentrations of ammonium nitrogen and nitrite plus nitrate nitrogen in rainfall. As rainwater hits the land surface, it dissolves animal wastes and other organic detritus and transports ammonium nitrogen (NH^) and organic nitrogen into soils. In soils, these forms of nitrogen are often adsorbed to clay or organic particles, where they are available for absorption by plant roots. When soils receive more nitrogen than they can adsorb and than plants on the surface can utilize, ammonium nitrogen and organic nitrogen remain in solution in soil water and can be oxidized to nitrate nitrogen through the process of nitrification that is performed by selected soil bacteria that are active in oxidized environments.
Because it is negatively charged, the nitrate molecule is not electrostatically adsorbed to negatively charged rims of soil and clay particles, as ammonium nitrogen is, so nitrate can travel downward with percolating water through the unsaturated zone to the saturated zone.
LOCATION OF STUDY AREA
Two processes that reduce the amount of nitrate nitrogen reaching and residing in the saturated zone are plant uptake, which generally does not occur below the soil zone, and denitrification. Denitrification reduces nitrate to gaseous nitrous oxide (N20) or nitrogen gas (N2), which outgas to the unsaturated zone. Denitrification can occur either inorganically or organically in anoxic environments. Inorganic denitrification involves the transfer of oxygen atoms from nitrate to reduced metals such as iron or manganese. Organic denitrification requires an organic substrate and the presence of denitrifying bacteria which remove oxygen atoms from nitrate to respire in anoxic environments. Denitrification is especially prevalent in waterlogged, organic-rich soils, but may also occur in anoxic conditions in the saturated zone.
Nitrogen fixation, which converts nitrogen gas to proteins that can be broken down by soil bacteria to ammonium nitrogen and nitrite plus nitrate nitrogen, is caused by bacteria such as rhizobium which symbolically occupy the roots of legumes and a few other types of plants. Generally, nitrogen fixation only creates ammonium nitrogen and nitrite plus nitrate nitrogen in amounts that host plants can utilize and when these nutrients are present in amounts sufficient for plant nutrition, nitrogen fixation does not occur.
Waste Characteristics and Disposal Practices
The nine dairy farms monitored in this study were selected for their typical management practices, lengths of operation, and hydrogeologic settings. practices. Most dairy farms in the study area wash wastes accumulated in barns into unlined lagoons excavated in surficial sands. Wastewater from some of these lagoons is sprayed on pastures or cropland to supply grass or crop nutrient requirements in areas designated as spray fields in this report. The high concentration of potassium in cow manure and the availability of manure can limit the amount of lagoon effluent that can be applied to cropland, so additional synthetic nitrogen and phosphorus fertilizers may be applied to cropland receiving wastewater (Grundy, 1980, p. 183) . Some lagoons are rarely pumped out and lose their contents through a combination of evaporation, seepage, and overflows. Areas on dairy farms that have been defoliated by large amounts of dairy cow traffic are referred to as intensive areas in this report. Intensive areas are generally paved with a mixture of dairy cow manure and topsoil. These manuretopsoil mixtures from intensive areas may occasionally be removed to be spread on cropland, or, more commonly, the cow traffic patterns are changed and these areas lie fallow for a period of time. Where herds are kept in pastures at densities greater than four cows per acre, referred to as intensive pastures in this report, only coarse grasses survive and manure deposits are nearly continuous. Manure is generally not removed from intensive pastures, but herds are often moved to other areas to allow these pastures to lie fallow. Low-density pastures have finer-textured grasses and are only sporadically marked with animal wastes, which are not removed. 
Plant uptake Precipitation

HYDROCEOLOCY
In addition to being affected by fertilization, cropping, and waste-management practices, shallow ground-water quality on dairy farms is also affected by the compositions of the uppermost hydrogeologic units and by the nature of ground-water flow through those units. The following sections briefly describe hydrogeologic characteristics of three hydrogeologic units in the study area.
Uppermost Hydrogeologic Units
The surficial aquifer, which occurs primarily in the southwestern part of the study area ( fig. 4) , consists of poorly sorted, unconsolidated quartz sands and silts of Pliocene to Pleistocene age. These sands vary in thickness from less than 1 ft in the eastern part of the study area to greater than 40 ft Brooks (1981) , Crane (1986), and Lawton (1977).) in the western part of the study area. The surficial aquifer is generally underlain by a sequence of thinly bedded micritic limestone and clays of the Upper Floridan aquifer. The water table in the surficial aquifer generally occurs from 4 to 15 ft below the land surface.
In the eastern part of the study area, the uppermost hydrogeologic unit is the intermediate confining unit (composed of the Hawthorn Group 1 ) which consists of heterogeneous mixtures of clay, quartz sand, dolomitic sand, and phosphate (Scott, 1983, p. 10) . The intermediate confining unit is thin to nonexistent in the vicinity of the Suwannee River in north Florida, but can reach thicknesses exceeding 300 ft in the eastern part of the study area (Scott, 1983, fig. 6; Miller, 1986, pi. 25) . The water table in this unit generally occurs from 2 to 12 ft below the land surface.
'Geologic terminology in this report conforms to usage of the Florida Geological Survey.
The Upper Floridan aquifer in the central part of the study area consists of the Suwannee and Ocala Limestones ( fig. 4) , both of which commonly lie below 30 to 40 ft of surficial sands and residual clays. The Suwannee Limestone consists of two members: an upper member consisting of shell hash, and a lower member consisting of consolidated dolomitized vuggy limestone that is often silicified (Miller, 1986, p. B32-B33) . The Ocala Limestone underlies thin sand and clay deposits in the southwestern part of the study area; in other areas it underlies the Suwannee Limestone. The Ocala Limestone consists of two members: the upper member is a soft, porous coquina; the lower member is a fine-grained, soft to semi-indurated, limestone (Miller, 1986, p. B30) . Where the Upper Floridan aquifer is unconfmed in the study area, the water table generally occurs from 30 to 40 ft below the land surface.
Ground-Water Flow
The three principal hydrogeologic settings that occur in the study area are shown schematically in figure 5. An unconfined surficial aquifer (shown in fig. 5A ) directly overlies the Upper Floridan aquifer in the southwestern part of the study area, where dairy farms 3 and 5 are located. Rainfall readily infiltrates the permeable silty sands of this aquifer and after percolating down to the water table, ground water either seeps laterally to surface streams or marshes, or seeps downward to recharge the Upper Floridan aquifer, provided that heads in the Upper Floridan are lower than those in the surficial aquifer (Miller, 1986, p. B40) . The altitude of the water table in the surficial aquifer fluctuates rapidly in response to rainfall.
In the eastern part of the study area where dairy farms 1 and 2 are located (represented by fig. 5B ), the uppermost hydrogeologic unit is the intermediate confining unit which consists of complexly interbedded, phosphatic, sandy clay. Due to the low permeability of these deposits, much of the rainfall falling on areas underlain by this unit runs off into ponds, wetlands, and creeks. Because heads in the confining unit are higher than those in the Upper Floridan aquifer, some ground water seeps from the confining unit down to the Upper Floridan aquifer.
The Upper Floridan aquifer is generally unconfined in the central part of the study area, where dairy farm sites 4, 6, 7, 8, and 9 are located (represented by fig. 5C ). The Upper Floridan aquifer in the study area consists of highly permeable limestones that have either high intergranular or moldic porosities or high secondary porosity from karstic dissolution (Miller, 1986, p. B54-55) . After water seeps to the saturated zone in the Upper Floridan aquifer, it flows laterally to discharge into rivers in the study area or toward the Gulf of Mexico. Potentiometric surface contours and flow directions for the Upper Floridan aquifer are shown in figure 6. Solution channels are common in the Upper Floridan aquifer adjacent to the Suwannee River, and springs are common along the river. Ground water flows from the aquifer to the river when the river lies at a lower elevation than the potentiometric surface of the aquifer. During periods of high precipitation and runoff, the surface elevation of the river rises above the potentiometric surface of the aquifer, the normal flow direction is reversed adjacent to the river, and riverwater flows into the aquifer (Crane, 1986, p. 72-73) .
METHODOLOGY
From February to March 1990, 34 monitoring wells were installed at nine dairy farms in north Florida. Wastewater lagoons, monitoring wells, supply wells, and ephemeral ponds on these dairy farms were sampled between March 1990 and February 1991. Methods used for well installation, sample collection and analyses, and data analysis are discussed in the following sections.
Well Installation
Monitoring and supply well characteristics including: well numbers, well depths, land uses near the wells, and hydrogeologic units tapped by the wells are listed in table 2. Two drilling methods were used to install monitoring wells on the dairy farms: hollow-stem auger, and rotary. In areas where the water table was located in unconsolidated sediments, hollow-stem augers were advanced until approximately 10 ft of saturated thickness had been penetrated. Two-inch-diameter polyvinyl chloride (PVC) threaded casing tipped with 10 ft of capped PVC screen was lowered into the augers, and the augers were removed from the ground. Where possible, natural material from the bottom of the drill hole was segregated from near-surface cuttings and was used to pack well screens. Pure quartz sand or washed gravel was used for packing the other well screens to approximately 3 ft above the top of the screens. Above the screen packings, bentonite pellets were emplaced and hydrated; then neat Portland Type I cement was pumped into the borehole by tremie pipe, filling the annulus to the land surface. Steel well protectors were set into the top of the grout around most of the wells.
Where the water table occurred in the consolidated part of the Upper Floridan aquifer, boreholes were augered to the top of the consolidated rock, and the augers were removed from the boreholes. Approximately 10 gal of neat Portland Type I cement was then tremied to the bottom of the open borehole and 4-in. diameter PVC well casing was inserted into the cement to assure sealing at the rock interface. The annular space was subsequently grouted to the surface with Meadows, 1991.) cement. After the cement had set, the rest of the hole was drilled through the cement and into the consolidated rock using a 3-3A in. diameter tricone rotary bit. Bentonite mud was circulated during drilling to remove cuttings. Where drilling-mud circulation could not be maintained, potable water was used as a drilling fluid. After rotary holes were drilled to at least 10 ft below the water table, 2-in. diameter, schedule 80 PVC-threaded casing tipped with 10-ft capped PVC screens were placed inside the grouted 4-in. diameter casings. The 2-in. screen was packed with sand topped with a layer of hydrated bentonite pellets and the 2-in. casing was grouted within the 4-in. casing.
As soon as possible after drilling, wells were developed by surging with compressed air. Well development was continued until specific conductance of the produced water was stable and turbidity was minimized.
Collection and Analysis of Water Samples
Samples were collected from three sources during the study: wastewater lagoons, monitoring wells, and dairy farm supply wells. All sampling sites were sampled quarterly for 1 year. Selected sampling wells were sampled monthly (app. II). Because of a drought during most of the sampling period and the lack of natural ponds or streams on the dairy farms, too few samples of ephemeral surface-water bodies were collected to provide a representative data set.
Lagoon samples were collected by immersing sample bottles in the fluid parts of the lagoons, until the bottles were filled. Before collection of samples from monitoring wells, the wells were purged by bailing with a sterilized PVC bailer until at least three standing casing volumes of water had been removed and specific conductance of the bailed water had stabilized. Supply wells were allowed to flow through flamed wellhead spigots for at least 15 minutes, until temperature and specific conductance had stabilized, before samples were collected.
Field measurements made at the time of sampling included water level (in monitoring wells only), pH, temperature, and specific conductance. Counts of fecal coliform and fecal streptococcal bacteria were made in the field using the membrane-filter method (Britton and Greeson, 1987) . Constituents measured at the Quality of Water Service Unit in Ocala, Florida, using standard USGS analytical methods (Fishman and Friedman, 1989) included dissolved concentrations of: chloride, sulfate, potassium, phosphorus, nitrite plus nitrate nitrogen, nitrite nitrogen, and ammonium nitrogen; and total concentrations of ammonium plus organic nitrogen, and phosphorus.
Data Analysis
To examine the migration of dairy waste leachate from the land surface to shallow ground water to deeper ground water, the water-quality data was grouped for statistical analysis as follows: wastewater lagoons (representing waste leachate), shallow ground water from monitoring wells, and deeper ground water from supply wells on the dairy farms. To investigate the effects that varying hydrogeologic settings might have on the leaching of dairy cow wastes to ground water, the water-quality data from the shallow monitoring wells was grouped according to the source of the water: surficial aquifer, Upper Floridan aquifer, and intermediate confining unit. To examine the effects of land uses on dairy farms on shallow ground-water quality, the water-quality data from shallow monitoring wells was grouped according to the land use adjacent to or in which the monitoring wells were located. Monitored land uses on the dairy farms included: intensive areas, intensive pastures, wastewater lagoons, wastewater spray fields, and low-density pastures.
As with most environmental data, mean values in this data set are upwardly skewed by high outlying values, so median values are more representative of the data than means; thus, median values are used to compare and contrast data. Data ranges are illustrated using box plots of selected chemical constituents for the three data-analysis groupings. Censored data (concentrations below analytical detection limits) are integrated with the rest of the data and statistics are computed using the log probability regression method (Helsel and Cohn, 1988) . Well number1
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ANALYSIS OF WATER-QUALITY DATA BY WATER SOURCE
The first of the three data-analysis groupings in this report is based on water source. Three types of water sources were sampled and analyzed during the study: dairy farm waste water lagoons, shallow ground water (top 10 ft of the saturated zone) from monitoring wells (some of which are adjacent to wastewater lagoons), and deeper ground water from supply wells (which were generally 20-40 ft deeper than the monitoring wells) on selected dairy farms.
Wastewater Lagoons
Liquid from three dairy farm wastewater lagoons was sampled to examine the composition of leachate from dairy cow waste. The number of samples, maximimum and minimum values, means, and medians of temperature, specific conductance, pH, total ammonium plus organic nitrogen, total phosphorus, and dissolved concentrations of nitrite plus nitrate nitrogen, nitrite nitrogen, ammonium nitrogen, phosphorus, potassium, chloride, sulfate, and counts of fecal coliform and streptococcal bacteria from wastewater lagoons at dairy farms sites 1, 3, and 4 are given in table 3. Wastewater from the dairy farm lagoons had substantially higher median concentrations of ammonium nitrogen (160 mg/L), ammonium nitrogen plus organic nitrogen (230 mg/L), total phosphorus (44 mg/L), dissolved phosphorus (25 mg/L), and potassium (200 mg/L) than are typically found in ground water in the study area. Concentrations of fecal coliform and streptococcal bacteria were also high in lagoon fluids, with median counts in the hundreds of thousands of colonies per 100 mL. Because of reducing conditions in lagoons, nitrate had a very low median concentration (less than 0.1 mg/L) in lagoon liquid compared to the median concentration of ammonium (160 mg/L).
Median values and ranges of the analyzed constituents nitrite plus nitrate nitrogen, ammonium nitrogen, potassium, and chloride for the samples collected from wastewater lagoons are shown in figure 7. The relatively narrow ranges between the 25th and 75th percentiles for these constituents and the lack of values more than 1.5 times the interquartile range for wastewater samples mean that the wastewater lagoons sampled during the study were closely clustered about the median values, with relatively few outlying values.
Shallow Ground Water
Because the first ground-water to intercept leachate from the land surface is the water immediately below the water table, monitoring wells were installed into the top 10 ft Table 3 . Water-quality statistics for wastewater lagoons of the saturated zone, to investigate the quality of the ground water that is most likely to have contamination from dairy cow waste leachate. Table 4 lists the number of samples, maximum and minimum values, means, and medians of the physical properties and chemical constituents analyzed in shallow ground-water samples from the 34 dairy farm monitoring wells.
The median dissolved nitrite plus nitrate nitrogen concentration in shallow ground water was 9.8 mg/L, slightly below the primary drinking water standard of 10 mg/L. Nitrite plus nitrate nitrogen occurred in higher concentrations in ground water than in wastewater from lagoons because of the opportunity for nitrification as water flows through the oxidized unsaturated zone to the ground-water table. The median specific conductance, and the median concentrations of ammonium nitrogen, ammonium plus organic nitrogen, total and dissolved phosphorus, potassium, chloride, and sulfate were much lower in shallow ground water than in wastewater lagoons. The ranges of dissolved nitrite plus nitrate nitrogen, dissolved ammonium nitrogen, dissolved potassium, and dissolved chloride in shallow ground water from monitoring wells are shown in box plots in figure 7 . The greater ranges between the 75th and 25th percentiles and the large amount of data above 1.5 times the interquartile range, compared to those in wastewater samples, indicate that processes such as dispersion, dilution, and differing hydrogeologic source units and land uses cause a wider range of values of the analyzed properties and constituents in shallow ground water than in wastewater lagoons.
The median dissolved phosphorus concentration (0.09 mg/L) was much lower than the median total phosphorus concentration (3.0 mg/L) in shallow ground water. The relatively high median concentration of total phosphorus in shallow ground water may be due to the occurrence of phosphatic particles or colloidal particles of iron or calcium phosphates in water from the aquifers sampled. Fecal bacteria occurred sporadically in shallow ground-water samples, but generally at counts of less than 20 col/100 mL.
Deeper Ground Water
To examine the quality of deeper ground water, dairy farm supply wells, which are 20 to 40 ft deeper than the monitoring wells, were sampled at dairy farm sites 2, 4, 5, 7, 8 and 9 (table 5). Median concentrations of most of the analyzed constituents were less in deeper ground water than in shallow ground water. Lower concentrations of most of the analyzed constituents in deeper ground water may be due to dilution, dispersion, adsorption, and denitrification of nutrient-enriched ground water as it percolates through the saturated zone. Fecal bacteria were generally not detected in deeper ground-water samples.
The median concentrations of sulfate and ammonium nitrogen in deeper ground water were nearly identical to those in shallow ground water. The only measured physical property with a greater median value in deeper ground water than in shallow ground water was pH (7.4 compared to 6.7 for shallow ground water).
In deeper ground-water samples, the dissolved concentrations of nitrite plus nitrite nitrogen, ammonium nitrogen, potassium and chloride were more densely clustered around their medians than in shallow ground water ( fig. 7 ) Ammonium nitrogen had a greater range of concentrations in deeper ground water than in shallow ground water.
The effect of dilution and dispersion on the concentrations of some measured constituents with increasing depth from the land surface is demonstrated by the sequential decline in the median concentration of chloride and potassium from wastewater lagoons, to shallow ground water, to deeper ground water ( fig. 7) .
ANALYSIS OF GROUND-WATER QUALITY DATA BY HYDROCEOLOCIC UNITS
Because waste-management practices are similar on many of the nine dairy farms, it is possible to scrutinize the effect of hydrogeologic settings on shallow ground-water quality on the nine dairy farms by grouping the data according to the three hydrogeologic units tapped by monitoring wells on the nine dairy farms: a surficiai aquifer, an intermediate confining unit and the Upper Floridan aquifer.
Surficiai Aquifer
Monitoring wells that tap the surficiai aquifer are located in the southwestern part of the study area, principally at dairy farm sites 3 and 5 ( fig. 4 and table 2 ). Median concentrations of dissolved nitrite plus nitrate nitrogen (29 mg/L), dissolved ammonium plus organic nitrogen (1.5 mg/L), dissolved potassium (11 mg/L), and dissolved chloride (39 mg/L) in shallow ground water from the surficiai aquifer were higher than in shallow ground water from the Upper Floridan aquifer and the intermediate confining unit (table 6) .
Box plots of concentrations of nitrite plus nitrite nitrogen, and dissolved phosphorus in shallow ground water from the surficiai aquifer are shown in figure 8. Shallow ground-water samples from the surficiai aquifer had the widest range of dissolved nitrite plus nitrate nitrogen and the narrowest range of dissolved phosphorus concentrations of the three hydrogeologic units.
Intermediate Confining Unit
Monitoring wells that tap the intermediate confining unit were installed on dairy farm sites 1 and 2 in the southeastern part of the study area ( fig. 4 and table 2 ). Shallow ground water from the intermediate confining unit had the lowest median specific conductance (250 fiS/cm), the lowest median dissolved concentrations of nitrite plus nitrate nitrogen (0.17 mg/L), ammonium nitrogen (0.03 mg/L), potassium (1.5 mg/L), and sulfate (3.5 mg/L); and the lowest median concentration of total ammonium plus organic nitrogen (0.73 mg/L) of the three hydrogeologic units. Shallow ground water from the intermediate confining unit had the highest median concentration of total phosphorus (12.0 mg/L) (table 6) . High phosphorus concentrations may be due to the presence of phosphatic minerals in the unit. High counts of fecal bacteria in water from this unit may be due to the survival of these bacteria over the relatively short travel distance from the land surface to the water table in this unit (generally 2-10 ft.). Shallow ground water from the intermediate confining unit on dairy farms had the widest distribution of dissolved phosphorus concentrations and the narrowest distribution of dissolved nitrite plus nitrate concentrations of the three hydrogeologic units (fig. 8) . The wide range of phosphorus concentrations in ground water from the intermediate confining unit may be due to heterogeneities in phosphorus content of the unit.
Upper Floridan Aquifer
The unconfined Upper Floridan aquifer is the uppermost hydrogeologic unit at five of the nine monitored dairy farms ( fig. 4, table 2 ). Of the three hydrogeologic units, shallow ground water from the Upper Floridan aquifer had the highest median values of the following analyzed physical properties and chemical constituents: specific conductance (592 jiS/cm), pH (7.1 pH units), dissolved sulfate (14 mg/L), and fecal coliform bacteria (14 col/100 ml) (table 6). Because carbonate rocks of the Upper Floridan are more soluble than the sands and clays of the other units, dissolved solids (indicated by specific conductance) occur in higher concentrations in water from this aquifer, compared to the other two units. Dissolution of calcium carbonate also increases the pH of water, giving water from this aquifer the highest median pH (7.1) of the three source units. The higher median sulfate concentration (14 mg/L) in water from this aquifer may be due to dissolution of gypsum or pyrite, which are common accessory minerals in carbonate aquifers. The median concentrations of dissolved ammonium nitrogen and dissolved chloride in shallow ground water from the Upper Floridan aquifer were the lowest of the three units.
The range of nitrite plus nitrate nitrogen concentrations in shallow ground water from the Upper Floridan aquifer is intermediate between those of the other two units ( fig. 8) . Dissolved phosphorus concentrations in water from monitoring wells tapping the Upper Floridan clustered much more tightly about the median value ( fig. 8 ) than in water from the other two units.
EFFECTS OF DAIRY FARM LAND USES ON GROUND-WATER QUALITY
To analyze the effects of land uses at the dairies on shallow ground-water quality, data from the monitoring wells was grouped according to the type of land use in the area near the monitoring wells (table 2) . Land uses in areas adjacent to monitoring wells on the dairy farms include: intensive areas (defoliated areas with great amounts of cow traffic), intensive pastures (high-livestock-density grazing areas), wastewater lagoons, wastewater spray fields, and low-density pastures. It is important to note that the land-use groups have varying numbers of wells tapping each of the three hydrogeologic units discussed previously (table 2) .
Intensive Areas
Shallow ground water from monitoring wells adjacent to intensive areas had the highest median specific conductance (673 LiS/cm), and the highest median concentration of nitrite plus nitrate nitrogen (26 mg/L) of the five land-use groups (table 7) . The majority (between the 75th and 25th percentiles) of the nitrite plus nitrate nitrogen concentrations in shallow ground water near intensive areas were more densely clustered around the median value than for any of the other the five land-use groups ( fig. 9 ).
Intensive Pastures
Shallow ground water from monitoring wells in intensive pastures had the lowest median pH (5.1 pH units) and the highest median concentration of dissolved chloride (48 mg/L) of the five land-use groups. Ranges of the dissolved concentrations of nitrite plus nitrate nitrogen, chloride, and potassium ( fig. 9 ) in shallow ground water beneath intensive pastures were not as variable as those in water from monitoring wells adjacent to the other land-use groups.
Wastewater Lagoons
Shallow ground water adjacent to wastewater lagoons had the highest median total concentrations of ammonium plus organic nitrogen (2.1 mg/L), and phosphorus (4 mg/L); and the highest dissolved median concentrations of phosphorus (0.10 mg/L), potassium (17 mg/L), and sulfate (11 mg/L) of the five land-use groups (table 8) . Either because some lagoons were sealed by naturally occurring clays and settled organic solids, or because monitoring wells did not tap leachate plumes from the lagoons, some samples from lagoon wells had low concentrations of the analyzed constituents (wells 2-1, 8-1, 8-2, and 9-2 (app. II)). Conversely, many of the monitoring wells adjacent to lagoons had relatively high concentrations of the analyzed constituents (wells 1 -1, 3-2, 4-1,5-1,6-1, and 7-3 (app. II). Because of these two situations, there was a great range in the dissolved concentrations of nitrite plus nitrate nitrogen, chloride, and potassium in shallow ground water adjacent to wastewater lagoons ( fig. 9 ). 
Wastewater Spray Fields
Shallow ground water beneath wastewater spray fields had the lowest median specific conductance (430 (iS/crn), the lowest median dissolved potassium concentration (1.40 mg/L), the highest median fecal coliform count (11 col/100 mL) and the second highest median nitrite plus nitrate nitrogen concentration (23 mg/L) of the five land-use groups (table 7) . Ranges of dissolved concentrations of nitrite plus nitrate nitrogen, chloride, and potassium in shallow ground water beneath spray fields were intermediate between the ranges of the other land-use groups.
Low-density Pastures
Shallow ground water beneath low-density pastures had the lowest median specific conductance (365 |J,S/cm), the lowest median dissolved concentrations of nirite plus nitrate nitrogen (5.1 mg/L), and chloride (12 mg/L); the highest median occurrence of fecal streptococcal bacteria (40 col/100 mL), and one of the highest median concentrations of dissolved sulfate (11 mg/L) of the five land-use groups. The relatively high median concentration of dissolved sulfate and the high median count of fecal streptococcal bacteria may attributed to the fact that 8 of 11 of the low-density pasture monitoring wells tap the unconfined Upper Floridan aquifer, which had the highest median concentration of dissolved sulfate and the second highest median occurrence of fecal streptococcal bacteria of water from the three hydrogeologic units sampled.
SUMMARY AND CONCLUSIONS
Three dairy farm wastewater lagoons, 34 shallow monitoring wells, and 6 supply wells on 9 dairy farms in north Florida were sampled and analyzed quarterly for 1 year and selected wells were sampled monthly for dissolved nitrogen species, specific conductance, temperature, pH, total phosphorus, dissolved phosphorus, dissolved potassium, dissolved sulfate, dissolved chloride, and fecal bacteria.
To assess changes in leachate from dairy cow waste as it migrates from the land surface to shallow ground water to deeper ground water, water-quality data from dairy farm wastewater lagoons, shallow monitoring wells, and deeper supply wells on dairy farms was compared and contrasted. Liquid from dairy farm wastewater lagoons, composed of dairy cow wastes diluted with supply well water, contained relatively high concentrations of total ammonium plus organic nitrogen, dissolved and total phosphorus, dissolved potassium, dissolved chloride, and fecal bacteria. Shallow ground water beneath the nine dairy farms had higher median specific conductance, and higher median concentrations of dissolved nitrite plus nitrate nitrogen, dissolved ammonium plus organic nitrogen, total and dissolved phosphorus, dissolved potassium, dissolved chloride, and higher median counts of fecal bacteria than deeper ground water from supply wells on the dairy farms. Declines in the concentrations of these constituents with depth in the saturated zone may be due to dilution, dispersion, adsorption, or denitrification.
To examine the effect of hydrogeologic settings on ground-water quality beneath the nine studied dairies, the shallow ground-water quality data was divided according to the hydrogeologic unit from which the water was derived: an unnamed surficial aquifer, the Upper Floridan aquifer, and the intermediate confining unit. Shallow ground water from the surficial and Upper Floridan aquifers at north Florida dairy farms had elevated median dissolved concentrations of nitrite plus nitrate nitrogen, potassium and sulfate, and and elevated median concentration of total ammonium plus organic nitrogen, relative to shallow ground water in the intermediate confining unit. Shallow ground water from the intermediate confining unit at dairy farms had lower concentrations of the analyzed nutrients except for total and dissolved median phosphorus concentrations, which may have been elevated by naturally occurring phosphatic particles in the unit.
To investigate the effects of dairy farm land uses on shallow ground-water quality, the water-quality data was divided into land-use groups, based on the land use adjacent to or in which the monitoring wells were located. These land-use groups included: intensive areas (defoliated, manure-paved areas where cows are concentrated), intensive pastures (areas where dairy cows are kept at densities of greater than four per acre), wastewater lagoons, wastewater spray fields, and low-density pastures. Near areas where dairy cow wastes are concentrated (intensive areas, intensive pastures, wastewater lagoons), shallow ground water had elevated median specific conductance, and elevated median concentrations of dissolved nitrite plus nitrate nitrogen, potassium, and chloride. Shallow ground water beneath wastewater spray fields had lower median levels of specific conductance and these chemical constituents, except for nitrite plus nitrate nitrogen, which had a median concentration of 23.0 mg/L in shallow ground water beneath spray fields. Shallow ground water beneath low-density pastures, where waste loading rates are the lowest of the five land-use groups, generally had the lowest median concentration of the analyzed constituents.
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